Hartford, Connecticut) (Received for publication April 5, 1947) The colloidal gold test developed almost 35 years ago by Lange (1) has been utilized in studies of cerebrospinal pathology and of liver dysfunction with little more than a general understanding of the basic reasons for the production of the several reaction patterns. Rationalization of the mode of reaction by experimenting with blood protein fractions obtained by the usual salting out methods is difficult, if not impossible, because the fractions so obtained are mixtures (2) of proteins defined arbitrarily.
A promising line of attack' upon the problem has been opened up by newer methods for the separation of the blood proteins (3, 4, 5) , particularly those separable as electrophoretically homogeneous fractions. It has already been established (6, 7) that the gamma globulin fraction is responsible for the coagulation of the gold sol. The protective action postulated for the serum albumin, however, never has been demonstrated conclusively with concentrations likely to be encountered in body fluids. In investigating the use of the colloidal gold reaction for the detection of liver damage, the authors have used blood protein fractions prepared by the newer methods in an attempt to determine the relationships between relative concentrations of the protein fractions and the reaction curves obtained.
MATERIALS
The blood protein fractions1 used in this study were described as follows: 1 
METHODS
The methods of preparing the gold sol and performing the tests were those recently described by Lange (8, 9, 10 Figure 2 shows the apparent effect of serum albumin upon the coagulatory action of the gamma globulin fraction. Critical analysis of the graphs shows that the protective action of this fraction is nil 8 since the critical point at which the coagula- Figure 3 . Here 2 manifestations of protective action are indicated plainly: (1) seen to occur at a concentration of 0.3 jtg. gamma globulin per 2.5 ml. gold sol. The discrepancy shown in the graph of the 20: 1 ratio may be due to technical error since it represents a single determination.
Protective action was also evidenced by fraction IV-1 (alpha globulin) but was somewhat less than that exhibited by beta globulin.
Since fraction IV-3,4 (mixed alpha and beta globulins) contained relatively little lipid as compared with both the fraction labeled alpha globulin and that labeled beta globulin, its protective action was investigated and results were obtained as shown in Figure 4 . The protein concentrations used for this series of tests were adjusted on the basis of Kjeldahl determinations (N x 6.25). The graphs show an effect similar to that produced by the protective action of the beta globulin fraction but somewhat more pronounced. In addition, the smallest concentration of gamma globulin capable of producing maximum coagulation of the sol in the presence of this fraction was about 3 times greater than that noted in previous experiments. These results appear to indicate that the lipid material bound to the proteins in fractions III-0 and IV-1 played no important role in the protective action of those fractions. The authors have tried, by combining the fractions in various proportions, to reproduce the curve obtained when diluted normal blood serum (pool of 20 serums) reacts upon a colloidal gold sol. In making these trials it has been assumed that 0.5 ml. of a 1: 300 dilution of normal serum contains about 16 jug. of gamma globulin. The normal serum curve shows its maximum, nearly colorless reaction at a dilution of 1: 17,000 (about 0.3 1g. gamma globulin). The initial dilution of 1:300 shows but a slight reaction indicating a high degree of protection, while less protection occurs as the dilution increases until the maximum coagulation occurs. In serial dilutions above 1: 17,000 the reaction diminishes rapidly. While similar curves have been obtained with some "artificial serums," these all contained greater quantities of the protective proteins than normal serum. In fact, ratios of protective globulin fractions to gamma globulin as high as 3: 1 did not show so great protective action as that apparent in normal serum.
DISCUSSION
The experiments reported have been performed in the presence of a uniform hydrogen ion concentration. The authors have unpublished data indicating that blood proteins other than gamma globulin will act as coagulants in the colloidal gold test at pH's on the acid side of their respective isoelectric points and that the coagulant action of gamma globulin is enhanced by lowering the pH. Hence, it is understood that the discussion which follows is predicated upon performance of the test at pH 7.4.
Although it is probable that the gamma globulin fraction used was not composed of a single chemical entity, there seems little doubt, as others have shown, that gamma globulin is the coagulatory protein involved in the colloidal gold reaction of blood serum. The role of serum albumin, however, is not protective; in fact, it is inert toward colloidal gold in a milieu buffered at pH 7.4. The experiments reported leave little doubt that one or more beta globulins (and probably alpha globulins) are the proteins in blood serum which play the major protective role in this reaction. These considerations pose a number of interesting questions which merit investigation by others with technical and clinical facilities which the authors do not have available.
It seems logical to postulate that abnormal colloidal gold reactions arise from either or both of 2 conditions: (1) Significant change in the gamma globulin content ot the body fluid and (2) alteration in the relative proportions of beta globulin (and possibly alpha globulin) as compared with gamma globulin. Thus, if this theory is true, a spinal fluid giving the typical colloidal gold reaction of general paresis (zone I curve) should contain significantly less of the protective globulins and, in many instances, more gamma globulin than normal spinal fluid. Furthermore, a spinal fluid giving the type of curve associated with the bacterial meningitides (zone III curve) should contain significantly greater quantities of all globulins, particularly of the beta type, than a normal fluid. Reaction patterns associated with certain other conditions, e.g., non-paretic CNS lues (zone II curve), would be explainable on the basis of a moderately altered ratio of the protective globulins to the gamma globulin. Reactions obtained on blood serum in certain types of liver dysfunction are generally of the type which on this basis would be interpreted as arising from a relative decrease in protective globulin content, a hypothesis consistent with the theory that these globulins are elaborated by liver cells while gamma globulin ordinarily is produced elsewhere. The authors are convinced that careful study of the reaction on the basis of these postulates will lead to a more nearly quantitative interpretation of the colloidal gold test.
The utility of the colloidal gold test for the close estimation of gamma globulin content merits fur-ther careful investigation. The results reported suggest that there is a critical dilution of gamma globulin beyond which complete coagulation of 2.5 ml. of a standardized gold sol does not occur at pH 7.4. With the sols used, this dilution was found to correspond to a concentration in the neighborhood of 0.3 pg. of the gamma globulin fraction. Even in the presence of protective colloids within the range of concentrations normally encountered in body fluids, the highest dilution giving the maximum coagulatory action in a series of dilutions appears to depend upon a critical gamma globulin concentration. In the experiments reported, the critical concentration of gamma globulin in the presence of protective colloids is not so sharply defined as in their absence but the authors feel that more nearly exact 7.4 are presented which confirm the coagulatory action of gamma globulin and which show that one or more beta globulins (and possibly alpha globulins) are responsible for the protective action of normal body fluids as distinct from the serum albumin which is inert. The use of gamma globulin in determining whether or not 2 batches of gold sol are comparable is suggested. Conversely, a standardized gold sol may be found useful in the analysis of blood fractions. In a discussion of the implications of these results, hypotheses are advanced to account for the usual types of colloidal gold reactions exhibited by body fluids in a milieu buffered at pH 7.4.
